This paper presents a methodology for the integration of RFID technology into microcomputer assembly companies. Such a technology enables inventory control, tracking of parts/products and customer satisfaction. The methodology was developed to identify and evaluate the production process in an assembly company and to apply the process FMEA to evaluate potential faults and propose improvement actions for the use of RFID technology. The methodology was validated in a company from the Pólo de Informática de Ilhéus/BA. In this study, the viability of RFID technology for inventory control and traceability of the product was confirmed. Among the benefits obtained were the reduction of one of the workers from the inventory team, reduction in the costs of substituting a component, and reduction in lead-time.
INTRODUCTION
According to Whang (2010) , Radio-Frequency Identification (RFID) has been hailed as a major innovation to enhance the efficiency of inventory management (Gaukler et al. 2004 ) and supply chain management (Heinrich 2005) . The basic premise of RFID is that a radio frequency reader can read as many as 200 tags in a second without the line-of-sight requirement. Near-real-time tracking and tracing capabilities, together with item-level identification through EPC (electronic product code) standard, would allow a host of new improvements in inventory management (Whang, 2010) . Among these improvements is increased efficiency by making products available at the right time and in the right place, with a lower operational cost. As a result, numerous manufacturing plants are adopting RFID technology for product tracking purposes, especially within sectors that move multiple parts through their facilities each day (Chow et al. 2006, Kach and Borzabad 2011) . According to Stambaugh and Carpenter (2009) , RFID systems are rapidly replacing Universal Product Codes (barcodes in many applications). According to Soares et al. (2008) , inventories are the sectors that can potentially benefit the most from RFID technology. The benefits with its implementation go far beyond the mere change of the technology of automation of data capture. Its main objective is to increase the integration of the entire logistics chain, providing tools that enable tracking and control of the products that circulate in the chain (Fosso Wamba and Chatfield, 2009 ).
This case study initiates in 2008, motivated by research done in many microcomputer assembly companies of the Pólo de Informática de Ilhéus/BA. This group of companies is comprised of 20 assemblers of microcomputers. The raw materials are practically all imported from Asian suppliers (China, South Korea and Thailand, among others) and the companies supply the Brazilian market, specially the north and northeast regions of the country.
The difficulties faced by these companies in managing their inventories of raw materials and finished products, even using barcodes for quick identification during production, were the motivational factor behind this study. These difficulties motivated the development of the methodology of integration presented here.
The most relevant difficulties found in companies of the region are described below:
 Sales of products that did not have all the necessary components as ordered by the client. In such cases, the company frequently substituted the missing component(s) for a component of higher value. This might create a discrepancy between the inventory control system (database) and the actual inventory. RFID may help, in this case, by identifying and tracking all items contained in a product.
 Traceability of components during the phases of assembly -when one component was damaged and was substituted for another one The control of this activity is performed, in most companies, by inspection, i.e. by manually filling a spreadsheet at the end of the working hours, and then inputting the information into the inventory control system (database). Such method was performed in the company being studied.
 Problems while reading the barcodes during the phases of data insertion into the ERP (Enterprise Resource Planning) system of the companies. In case there were many metal pieces, the RFID reading was performed with redundancy by means of a portal and a manual reader;  Manual control of the raw materials inventory.
This research has the objective of evaluating the specific conditions of adoption of an RFID system in a microcomputer assembly company, situated in the Pólo de Informática de Ilhéus/BA. The system aims at an adequate return on investment to modernize the company with an up-to-date solution. It is noteworthy that no other company in the region possesses this technology. The actual Internal Rate of Return (IRR) of the project was calculated by Araújo Filho et al. (2013) and its value is 15%. RFID technology presents some advantages when compared to the barcode technology, previously used in the company. The method used to read the RFID tags enables them to be read at great speed compared to the barcode. The reading of an RFID tag does not depend on the line-of-sight requirement, and it can be reutilized or operated in hazardous environments or environments contaminated by dirt. The reutilization process is simple. It is just necessary to remove the used tags from the items and reattach them to new items. This paper outlines the activities that were undertaken by a Brazilian microcomputer assembly company while implementing RFID technology. We explore the steps taken by the firm and outline where the company met its expectations or not. The microcomputer industry relies heavily on logistical techniques and inventory management, moving many parts throughout their system, received from multiple suppliers. As such, we believe our analysis can be useful for other firms hoping to use RFID technology to reduce their systematic inefficiencies. The cost of the tag is a problem to be faced, but it is not insurmountable. Tag prices tend to reduce over time and tags can be reutilized.
The innovative side of this research is the creation of a methodology for the integration of the RFID technology into the productive system of a company, to enable the adoption of such technology in companies that aim to increase and improve inventory control and product traceability. It is important to point out that this methodology aims to reduce potential impacts on the structure of the company, in order to facilitate integration. To our knowledge, this is the first methodology that integrates Failure Mode and Effect Analysis (FMEA) into the RFID adoption process. FMEA is used to identify the process failures, which might compromise the integration of the new system with the previous system.
Other benefits inherent to the utilization of this technology were observed: reduction in lead-time, reduction of failures in the process and reduction of defects (since it became possible to identify and trace problems before the product was sent to customers). Such benefits were enabled due to the real time control, the capacity to read many tags at the same time, and the suppression of the manual reading of barcodes.
Furthermore, all the logistic chain to which the company belongs receives benefits, as demonstrated by Fosso Wamba and Chatfield (2009), because with real time inventory control, company suppliers will be able to monitor their inventory and fulfill their clients' needs more precisely. Therefore, the fundamental question for this study is "will implementing an RFID-based system reduce inefficiencies in the production process of the company in question?"
RFID TECHNOLOGY
RFID technology has its origins in the Second World War, with the IFFIdentification Friend-or-Foe identification system, which allowed Allied units to distinguish between Allied and enemy aircraft (Hunt et al. 2007 ). RFID technology works on the same basic principle. A signal is sent to a tag, which is activated and reflects back the signal (passive system) or transmits its own signal (active system).
According to Pinheiro (2006) , the considerable advances of RFID technology are undeniable, however many challenges remain in order to enable its widespread use. These challenges can be perceived by the analysis of applications for the RFID gadgets. For some applications, the technology is reasonably consolidated, while for others there is still a need of new gadgets, security protocols and reductions in the price of tags.
In this section, a literature review is presented, with a list of advantages and disadvantages of RFID technology. Such factors were taken into consideration when the company decided to implement RFID technology.
Advantages of the use of RFID technology
In a multitude of industrial contexts, implementing RFID technology has shown to improve operations, supply chain and logistical systems by reducing forecasting errors and increasing delivery times (Dutta et al. 2007, Kach and Borzabad 2011) . The use of RFID technology seems particularly useful within fast moving consumer goods markets, since it allows for real-time visibility of the supply chain (Bottani et al. 2010 ). Higher material transparency within organizational systems allows for more accurate forecasting, effectively reducing any inefficiencies that may exist within the supply chain (Delen et al. 2007, Kach and Borzabad 2011) .
RFID can also be beneficial in managing supply chains. Relying on an increasingly large number of suppliers can make the information flow across all parties difficult. RFID tags and the technology behind them allow for rapid automated item identification without the need of a physical operator, increasing inventory allocation efficiencies. Through the provision of real-time data, RFID technology helps in systematically reducing information gaps across the supply chain. It prevents items from being lost, since they are tracked continuously as they move through the chain, and enables inventory control, since the company knows exactly what is contained in its inventory, in real time (Attaran 2007; Gaukler et al. 2007, Kach and Borzabad 2011) .
Disadvantages of the use of RFID technology
RFID technology does not guarantee improved processes across all functions of the supply chain (Wu et al. 2006) . Just like any technology, RFID has downsides and risks (Kharif 2005; Taghaboni-Dutta and Velthouse 2006) . To begin with, there are costs and capital requirements for implementing the physical technology and software needed for RFID (Ustundag and Tanyas 2009) . Justifying the startup costs may be a prohibitive barrier for implementing RFID technology (Kach and Borzabad 2011) . Second, there are cases that suggest how RFID may not be so effective and other cases where the implementation of the system was not successful (Kharif 2005) . Additionally, lack of timing and technology coordination between suppliers when implementing RFID practices can create problems across the supply streams (Whang 2010) . When to implement RFID technology is an important question facing many practitioners and researchers alike (Kach and Borzabad 2011) .
In relation to the problem identified in the case study, the main advantages and disadvantages hold the premise that the technology can be implemented; however, it is necessary to identify the process failures, which might compromise the integration with the previous system. This was done by applying FMEA. Therefore, in order to enable the integration process, it is necessary to identify the process failures (listed below in item 3) so that they be evaluated, eliminated or in the worst scenario, minimized. In order to do so, a Failure Mode and Effect Analysis FMEA study was carried out and is presented and explained below. FMEA was one of the first systematic techniques for failure analysis. It was developed by reliability engineers in the 1950s to study problems that might arise from malfunctions of military systems. An FMEA is often the first step of a system reliability study. It involves reviewing as many components, assemblies, and subsystems as possible to identify failure modes, and their causes and effects (Santos and Cabral, 2008) .
PROCESS FMEA
Among the many tools used for fault analysis (Ishikawa diagram, Fault Tree Analysis, Pareto Chart, 5 Whys, Quality Control story, among others), FMEA was the most adequate for the company, because the use of this methodology shows the process systematically, aggregates more information in the descriptions of the process and identifies causes of faults in the process of microcomputer assembly (Santos and Cabral, 2008) . Failure Mode and Effects Analysis (FMEA) was one of the first systematic techniques for failure analysis. It was developed by reliability engineers in the 1950s to study problems that might arise from malfunctions of military systems. An FMEA is often the first step of a system reliability study. It involves reviewing as many components, assemblies, and subsystems as possible to identify failure modes, and their causes and effects. For each component, the failure modes and their resulting effects on the rest of the system are recorded in a specific FMEA worksheet. There are numerous variations of such worksheets. An FMEA is mainly a qualitative analysis According to Stamatis (2003) , the factors, severity, occurrence and detection are calculated by experts according to the scale of values, which in most cases is set from 1 to 10, based on criteria of evaluation defined in common agreement by the team. The RPN (Risk Priority Number) is a measure of risk of a fault in a certain step of the process, and should be used to classify faults and prioritize the actions. Actions are recommended with priority given to those faults that achieved the highest RPN.
Using this concept, a methodology was developed to integrate RFID technology into the supply chain of the microcomputer assembly company, which will be presented below. This methodology has not been tested before. This was the first attempt to systematize it. The methodology can be applied to the other companies in the Pólo de Informática de Ilhéus, since no other company possessed RFID technology at the time the study was done. In the global market, there are still many microcomputer companies that still have not made use of RFID technology. These companies could benefit from its many advantages, as listed in section 5. Figure 1 presents the flowchart of the methodology that was developed, detailing each step of the technical viability analysis. It reports the procedures that guided the case study in the company (which will be named XYZ for confidentiality purposes). This company was chosen because it had all the limitations and characteristics of other companies of the region, as mentioned previously.
METHODOLOGY
Even though the methodology contemplates a return on investment analysis, this step will not be presented in this paper for brevity purposes. It is suffice to say that the Internal Rate of Return (IRR) was 15%, ensuring a large NPV (Net Present Value) for the firm (Araújo Filho et al., 2013) . For other papers focusing on economic feasibility, check Balocco et al.(2011) and Jones et al. (2007) . The problem of the tag price was minimized by choosing an economically feasible tag and by reutilizing the tags as much as possible. 
Description and evaluation of the process
In this section, a description of the factory of company XYZ will be presented, together with a description of the microcomputer assembly process from the receipt of raw materials to the checkout of finished products.
Description of the Factory
The computer factory was built in 2008 in the Pólo industrial de Informática in Ilhéus/BA, with the objective of producing desktop computers and laptops to fulfill the needs of the north and northeast regions of Brazil.
The company has a flexible assembly line, which manufactures 5 desktop models and 1 laptop model. The monthly production of the factory is approximately 12 thousand machines. The factory has a total area of 1134 m 2 , with a production area of 895 m 2 . Around 200,000 machines will be traced and tracked. For details on costs, please refer to Araujo Filho et al. (2013) . We assumed that all the equipment would be tagged.
Description of the Process of Receiving Supplies
The process of receiving supplies is initiated with the arrival of the product in the inventory sector. A worker checks the data on the invoice and the data in the request for parts. After the checking of documents, a physical checking of the products is performed, as well as a checking of the packaging and possible damages caused by transportation. When the new process is initiated, the components will receive an RFID tag when they are first inspected.
All the checking data are registered in the stamp of inspection and acceptance. In case there is no problem with the material, either physical or documental, it is taken into the inventory. If there is a problem, a communication to the Board of Directors of the company is performed, which in turn will decide if the goods will be given back to the supplier or if they will be accepted into the inventory.
After the goods are put into the inventory, barcodes are generated and printed for the components. Just after the printing of barcodes, they are attached to the components and read by an optical reader, so that the information enters the Integrated Enterprise Control System (IECS). Finally, the components are stored in the inventory.
Description of the Process of Computer Assembly
The process of computer assembly is initiated with the generation of a sales order (SO) by the ERP system of the sales team located in the southeast of the country. The inventory manager generates the Production Order (PO) in an ERP system different from the one used by the sales team. Therefore, the factory is obliged to feed the system manually because there is no integration between databases. This was changed radically with the new process. Once the RFID began to be used, the factory fed the system automatically by using new software that was integrated with the existing system.
In case a few items are not in the inventory, they are substituted for equivalent or superior items. In this phase, the barcodes for the power supply unit and for the lot of products (serial number) are generated. The RFID tags will help in this phase because it will be possible to know exactly what is in stock.
After this phase, the PO is printed and taken to the inventory team. The team separates the cases and the power supply units, according to the PO, and the other parts (Motherboard, Hard Disc, Processor and DVD) in the inventory. Once the RFID system is used, all the parts will arrive already with their tags.
The cases and power supply units are taken to the Case Preparation sector (which also attaches the power supply unit). Parallel to this activity, the other parts are checked by the "KIT preparation team". In this stage, the motherboard, processor, cooler and memory are attached. The inspection process uses software to determine the condition of the parts.
After the case is prepared with the power source, the stages of assembly are performed:  8 th Post: Insert Configuration Label on the side of the case, connect the power cable to outlet and perform a pre-test and setup of the machine (motherboard, processor, memory, DVD, frontal USB). In case the machine is approved, it is made available on the rack for run in. If it is reproved, it is taken to be repaired.
Once the new process is implemented, RFID tags will be attached individually to groups of similar components, as described in section 4.3.3. The tags did perform well with parts made of metal.
After the approval in the assembly line, the machines are made available to run. In this stage, the Operational System (OS) is installed and a fatigue test is performed. The next step is the final test for the machine. In this test, both hardware and software are tested. In the end of this step the machine is packaged together with a keyboard, loudspeakers, a mouse, manuals, CD of drivers and the label with its serial number is attached to the box. The machine is then put on the pallet.
The pallets are stored in the inventory. When an invoice is generated, the inventory team ties (via barcode [BC] reader) the serial number of the machine to the invoice using the software system provided. As mentioned previously, once the new process begins, RFID tags will be attached to groups of similar components during the initial inspection. The results of the use of RFID tags are discussed in the final section.
Description of the process of Generating an Invoice for a Sales Request
The process of generating an invoice for a sales request initiates with the sales request by the ERP system. The inventory team releases the serial number of the machines, which are on the pallet to compose the amount of machines requested in the sales invoice. After the machines are chosen, the sales invoice is created and the inventory team makes pallets available for removal, by manually checking the invoice numbers with the labels in the machines. Once the new process is initiated, the pallets will receive RFID tags and will be associated to the computers. 
Applying FMEA to the manufacturing Process of the Company
The FMEA form, used for the analysis of the manufacturing process of the company, was developed by a team of four experts (Microelectronics Lab of the Manufacture and Technology Integrated Center -CIMATEC). The most important results of this work were the possibility of evidencing the potential fault modes, their causes and the alternatives to prevent the occurrence of faults. The FMEA form is an established methodology with proven results (Santos and Cabral, 2008; Stamatis, 2003) . The methodology is applied by filling the FMEA form and analyzing it. In order to fill the FMEA form, the team followed the steps explained in section 3.
The improvement actions were focused on the types of operations in which the Risk Priority Number (RPN) was above 125. On the FMEA form, 50 types of operations were identified. Seven of these operations (1, 11, 28, 30, 31, 34 and 43) were the ones with the highest RPN, according to Table 1 The recommended actions in the FMEA Process are listed below:
1. Real Time Inventory: There were faults due to unavailability of components in the inventory, caused by imprecise control of raw materials. It was found that 30% of the Production Orders were generated by substituting components for others with higher or lower value or grade. It was also found that the inventory of parts and finished products was performed once a year, and demanded 3 days to be executed. This happened because some steps of the inventory checking were performed manually and the results were compared with the values found in the ERP system. Therefore, real time inventory is recommended for the company.
2. Substitution of Barcodes for RFID: During the stages of KIT preparation, packaging, generation of invoice and acquisition of raw materials, a series of faults in the reading of barcodes was found. It happened with both the components and the parent serial number of the machines. It also occurred that a damaged label was attached to the machine. Because of that, the recommended action is substituting the barcodes (BCs) for RFID tags, because the RFID tag is more resistant to dirt, impact and mechanical friction than the BC label. It is impossible to guarantee that all the tags were adequately read by the equipment, but the error rate of the RFID readers is extremely small according to specifications (less than 1%).
3. Identification of Parts with RFID Tags: Faults were detected in the selection of I/O products (mouse, keyboard, loudspeakers, and also user manual and CDs of drivers) and in the insertion of these parts in the packaging due to wrong manual operation. Therefore, the recommended action is to identify the I/O products with RFID tags and to group them with a RFID tag with the parent serial number of the packaging of the product, via ERP system. Even though the RFID tag may be expensive in relation to the cost of the items, they can be used many times (recycled), so their cost is reduced. The human cost for the process of attaching the tags to the body of the components was not calculated. For a more detailed analysis of the procedures, check Araujo Filho, Travassos and Figueiredo (2013) .
Measurements and tests
In this section, we will explain the steps of the technical viability analysis. The first subsection presents the selection of the RFID equipment. The second subsection presents the analysis performed in the environment to detect electromagnetic noise (site survey), at the points where the RFID equipment were to be installed.
Selection of the Most Adequate RFID Equipment
For the selection of the proper and most adequate RFID equipment, a preselection and analysis were performed taking into consideration firstly the technical information of different RFID tags. Reading tests were then performed with the preselected list of available tags, antennas and tag readers. We tested most of the components available in the Brazilian market, but we do not show them here for brevity purposes. The tags were put on components, on the computer case and on the packaging box and the tests were performed. The choice of readers and antennas was restricted to the available material in the CIMATEC lab. This equipment had already been tested and proved to be cost efficient and reliable. However, a more detailed analysis was not performed. The choice of tag, however, was performed considering technical and economical criteria. A list of nine tags covering the major types available on the market was analyzed and a series of specifications were considered to enable the choice of the most adequate one, both in terms of performance and in terms of cost. Among such criteria were cost, dimensions, distance for reading, memory size, mounting type, among others. With such criteria in hand, it was possible to determine which tags were a viable alternative for components and for the packaging box. A pre-selection was made. Table 2 presents the kinds of tags that were tested. Performance tests were done in a sequence. Deavours et al. (2005) recommend a performance test of an RFID tag in order to evaluate the potential success of the RFID system under study. The test consists in adjusting the power of the reader to the maximum position, and making 100 reading attempts with the tag from a fixed distance. In order to simulate other distances, the power of the reader should be attenuated by 0.5dBm for every 100 reading attempts. The rate of response is the number of successful readings divided by the reading trials.
After the pre-selection of tags, such performance tests were done with the SteelWave Micro tag for the components (motherboard, HD, DVD, RAM memory, power supply unit and case) and with the ALN-9640 tag for the packaging box. All these tests were performed in the microelectronics lab. We must admit that results may vary, since the manufacturing environment is slightly different from the microelectronics lab (we tried to mimic the conditions as much as possible). We believe that our choice of tag was the best considering the availability in the market. The tag can be affixed to all parts including the RAM memory.
The fixed distance used for the tests was approximately 70cm +/-2cm. To ensure more reliability from results, 4 experiments were run for each tag, totaling 10,800 reading attempts. Readings were successful with metal parts and with the closed computer case. Figure 2 presents the tests performed on the machine's components (motherboard, HD, DVD reader, RAM memory, power supply unit, case and packaging box). 
Site Survey
According to Sweeney II (2005) , in order to perform a site survey it is necessary to follow these steps:
1. Define the reading places (or areas of inquiry) where the RFID system will be installed. These locations vary from store to store and require a power outlet and Ethernet connectivity for readers (unless you have players with wireless connectivity). Commonly, the RFID interrogation zones are placed on doors, assembly lines and racks of inventory; 2. Carry out site survey in local reading respecting all the business process cycle (24h or 48h). It is usually held on days of normal operation of the company, respecting all hours of operation.
3. Perform the static capture. To perform the static capture, you must configure the equipment as follows:
a. Place the half-wave antenna (attached directly to the tripod) so that the center of the antenna is in the center of the target area; b. Connect the antenna to the input port of the spectrum analyzer (via coaxial cable); c. Connect the laptop to the spectrum analyzer, using an RS-232 connector or Ethernet. If you use a laptop to record data, you must configure the virtual display to record the information every time and save it on your hard disk. Or else, you should shoot/capture the monitor spectrum analyzer every two hours during the normal cycle of operation d. Set the spectrum analyzer for the operating frequency to be used with the RFID system; 4. Perform Itinerant Capture. To perform the itinerant capture, you must configure the equipment as follows:
a. Set the spectrum analyzer exactly the same way as configured in static capturing, except for the voltage source and the antenna that should be mobile; b. b. If any source of interference is found, its exact location must be identified.
5. Map the areas of interrogation in the project, locating sources of interference.
Site Survey at XYZ
The site survey was performed in the areas of interrogation, according to Figure  3 , on the places where the KIT preparation (Figure 4) , generation of invoice ( Figure 5 ) and entry of raw materials occur (Figure 6 ). For the static capture, images from the spectrum analyzer were recorded every 2 hours in each place, with a cycle of 24 hours (beginning at 08:00 until 08:00 of the next day). However, the last record of each place corresponded to the period between 18:00 of the last day until 8:00 of the following day, because the company did not have any activity after regular working hours. This was performed inside the company.
We identified some areas of frequency spectra of interrogation, but all spectra were outside the working range of the UHF (Ultra High Frequency).For the itinerant capture, no spectrum in the range of 902 to 907.5 MHz and in the range of 915 to 928MHz was recorded by the spectrum analyzer,. 
Tests in the Product
After the site survey tests, in-place tests were performed. The stages of these tests include:
 Input of Components: Through data integration with ERP, the system prompts the user to issue tags for the volumes that comprise a given set / batch of components. Through the information contained in the invoice launched in the ERP system, data will be associated for later traceability. At this point, the components will be credited into the system, releasing them for use if necessary.
 Inventory: After proper labeling of RFID tags in the volumes of components, these will be stored as usual.
 Handling: With the aid of a RFID Data Collector integrated with the ERP system, the operator will locate the Production Order that lists which components and which amounts must be separated and sent to the production line. At this time, the separate components are read by the RFID Collector and receive the status of Booked, which means that these components can be used at any time.
Dipole Antenna Dipole Antenna
Dipole Antenna  Production: Through the integration with the ERP system and upon information contained in the Production Order, RFID tags are printed with the necessary information and the Finished Product lot number in question. RFID tags are linked to the Production Order, whose number is also associated with the handling of components, ensuring the association of Finished Goods and Components.
 Appointment of Production: All finished products, properly accommodated in a standardized way on a pallet, will go through an RFID portal. At this point, the confirmation of the RFID reading of the finished product will change the status of components used from Debited to Reserved, generating the debt of the component in the inventory system, while a credit of finished product will be held in it.
RESULTS
After the in-place test was performed, the FMEA form was used once again to evaluate the efficiency of the RFID system. The RPN results for the items that were changed are shown below (Table 3) :  Reduction of one worker in the inventory team due to the substitution of manual reading of barcodes for RFID technology. RFID technology was so efficient in relation to the previous technology (barcode) that the time required to read a pallet in the process of generating an invoice was reduced from ninety seconds to seven seconds on average. These time savings are equivalent to the work of one employee (Araujo Filho, Travassos and Figueiredo, 2013) .
 Reduction in the practice of substituting a component for another of higher grade/cost, due to the real time inventory control. This can be measured because the company knows the amount of parts that were substituted in the past.
There were, however, difficulties and challenges in the implementation of the new technology. The different areas of production were arranged in a way that made difficult the installation of the RFID portal, the training of workers demanded a lot of attention and care, and the integration of the RFID system with the ERP system demanded a lot of time.
CONCLUSIONS
In this paper, it was evidenced that the methodology for implementation of RFID technology on microcomputer assembly companies was viable. Araujo Filho, Travassos and Figueiredo (2013) determined an internal rate of return of 15%.
It was also observed that the utilization of the FMEA tool for identification and elimination of causes of failure modes in the production process was efficient (Araujo Filho, Travassos and Figueiredo, 2013) . The tool details the process systematically and adds more information to the process descriptions. It also identifies the causes of failures in the production process. The difference between the process before and after the FMEA tool being implemented is that the most important failure modes are taken care of, with preventive measures being taken in order to avoid the failures.
Another important point were the technical evaluations performed for tag selection, choice of RFID equipment, analysis of the environment and for detecting electromagnetic noises present in the factory. Such evaluations helped to ensure the technical efficacy of the chosen technology, during in-site tests. A good RFID reading was obtained at all points where data was collected. The technology was so efficient compared with the previous technology (barcodes) that the time required to read a pallet in the process of generating an invoice was reduced from ninety seconds to seven seconds on average.
It is important to point out that there are other significant gains inherent to the use of RFID technology, which are, however, difficult to measure (Araujo Filho, Travassos and Figueiredo, 2013) . Such gains are shared by the entire commodity chain, because with real time inventory control the suppliers of this company will be able to monitor the flow of parts and ensure that their customer (the company) will have its needs fulfilled. This real time monitoring between supplier and company is replicated in the remaining links of the chain, which ensures better service quality to the end consumer, and reduction of logistical and operational costs. In such a condition, the component can be tracked from the first supplier to the end consumer (Fosso Wamba and Chatfield, 2009 ).
There is a need to conduct further research on the RFID supply chain management applications in the microcomputer sector as this area holds a great potential for performance improvements. Additionally, there is a need to conduct more in-depth research into the isolated impact of RFID technology in comparison to the change in management and process redesign that it generates.
One key limitation of this research is the case study approach based on a single case. This paper, however, provides direction for practitioners on how to assess RFID's potential impact in the microcomputer assembly process, from the receiving of supplies to the delivery of final products. This research contributes to our understanding of RFID's potential in intra-organizational supply chain management processes. Hopefully, the experience and lessons learned from this case study can be shared with the readers, and they will be beneficial to those organizations that are contemplating the implementation of RFID systems.
